Abstract: Three octahedral chromium(III) complexes of the general formula Na[Cr(S,S-eddp)L] . 2H 2 O, where eddp = the tetradentate O-N-N-O-type ligand ethylenediamine-N,N'-di-S,S-2-propionate and L = a bidentate O-O-type ligand, either oxalate or malonate, were prepared. The complexes were synthesized by the reaction of chromium(III) chloride, S,S-eddp and malonic acid or sodium oxalate, at 60 ºC. The complexes were isolated chromatographically and the geometric configuration of the complexes was proposed on the basis of their infrared and electronic absorption spectra.
INTRODUCTION
The study of transition metal complexes with tetradentate edda-type ligands (edda = an ion of ethylenediamine-N,N'-diacetic acid) was the subject of a large number of investigations during the 60s and 70s. 1, 2 In the last decade interest in M(III) complexes with tetradentate ligands similar to edda has increased 3 because of their possible hydrolytic acitivity on DNA molecules. 4 Although most of the studies have focused on edda-Co(III)-type of complexes, Cr(III)-complexes with these types of ligands have also been investigated. [5] [6] [7] [8] [9] [10] [11] The results in this research area have been reviewed. 3 Ethylenediamine-N,N'-di-S,S-2-propionate (S,S-eddp), a linear tetradentate ligand similar to the edda ligand, with two nitrogen and two oxygen atoms as donors, can adopt two different configurations in octahedral metal complexes. Such ligands can occupy four of the octahedral sites around the Cr(III) ion and the other two sites can be occupied by a malonate or oxalate ligand, whereby two geometrical isomers (s-cis and uns-cis) are possible, as shown in Fig. 1 . Since the S,S-eddp ligand has a known absolute configuration (Fig. 2a) , it is expected to form complexes with D -absolute configuration. 12, 13 With quadridentate coordination to metal ions, the S,S-eddp ligand forms three five-membered chains in edda-type-Co(III) complexes. 1, 2, 14 Although in most synthetic routes the s-cis geometry is favored for edda-type-Co(III) 1,2,14 complexes, the uns-cis isomer has also been obtained. Contrary to this, it was found that quadridentate edda-type ligands with six-membered chelate chains favor the uns-cis configurations, suggesting that the size of the chelate ring has profound effect on the distribution of the geometrical isomers. However, as the Cr(III) ion is larger than the Co(III) ion, in all edda-type-Cr(III) complexes with five-membered chelate chains only s-cis geometrical isomers have been prepared, but in the case of ligands with six-membered chains only uns-cis isomers have been found. 1, 2, 14 In this paper, the synthesis and characterization of S,S-eddp-Cr(III) complexes, with oxalate and malonate as additional bidentate ligands, are reported. On the basis of the to date research of edda-type Cr(III)-complexes, only s-cis geometrical isomers of S,S-eddp-Cr(III) were expected, considering the fact that the S,S-eddp ligand forms five-membered chains. In the case of the [Cr(S,S-eddp)(ox)] -complex, apart from the expected s-cis, the uns-cis isomer was isolated, which represents the first uns-cis complex synthesized with the eddp-type ligands having five-membered chains. The geometric configurations of the isolated complexes were determined on the basis of their electronic absorption and infrared spectra.
EXPERIMENTAL

Materials
Ethylenediamine-N,N'-di-S,S-2-propionic acid was prepared using a previously described procedure. 14 The other reagents were obtained commercially and used without further purification.
Preparation of uns-cis and s-cis geometrical isomers of sodium(ethylediamine-N,N'-di-S,S-2-propionato)(oxalato)chromate(III) dihydrate, Na[Cr(S,S-eddp)(ox)] . 2H 2 O
To a solution of 1.33 g (5 mmol) of ature was maintained for a further hour. The red-violet solution was loaded onto a 2´30 cm column containing Dowex 1-X4 (200-400 mesh). The column was washed with water and then eluted with 0.1 M NaCl, giving two bands. The eluates were concentrated to a small volume and desalted using a Sephadex G-10 column (2.5´32 cm). The obtained solutions of the complexes were evaporated to dryness. Yield: The first band (red) uns-cis-Na[Cr(S,S-eddp) ( 
Characterization
Infrared spectra were recorded on a Perkin-Elmer FTIR 31725-X spectrophotometer using the KBr pellet technique. Electronic absorption spectra were recorded on a Perkin-Elmer Lambda 35 double-beam UV-VIS spectrophotometer. Aqueous 1´10 -3 mol/dm 3 solutions of the complexes were used for these measurements.
Elemental microanalyses for C, H, N were performed by standard methods.
RESULTS AND DISCUSSION
On coordination with a Cr(III) ion, the S,S-eddp ligand can theoretically form two geometric isomers (s-cis and uns-cis) ( Fig. 1 and Fig. 2b ), keeping the absolute (S) configuration of the asymmetric carbon. However, the orientation of the methyl group after coordination can be different, so that two diastereoisomers can theoretically be formed for every geometrical isomer.
Electronic absorption spectra
Two geometrical isomers of the Cr(III)(S,S-eddp)-complex are theoretically possible, s-cis and uns-cis, when the additional bidentate ligand has the same two donor atoms (Fig. 1) .
The electronic absorption spectra of the isolated [Cr(S,S-eddp)(L)] -(L = oxalate or malonate), are shown in Fig. 3 and their corresponding maxima are summarized in Table I . The corresponding data for the [Cr(edda)(L)] -and [Co(edda)(L)] -complexes are given for comparison. [15] [16] [17] [18] With octahedral symmetry, the lower energy spin allowed band for Cr(III) is 4 It is evident from the spectra of the isolated S,S-eddp-Cr(III) complexes that the shapes of the first bands are symmetrical, implying that the complexes have pseudo-octahedral symmetry (Fig. 3) . The uns-cis isomers have two different rings and only C 1 molecular symmetry rather than the higher (C 2 ) symmetry of the s-cis complexes (Fig. 1) . Thus, uns-cis isomers would be expected to differ in the intensities and positions of their absorption bands, as was found in the case of the corresponding edda-Co(III) complexes. 21, 22 It was noted that Co(III) complexes with coordinated s-cis-edda-type tetradentates have the maximum of the first absorption band at a longer wavelength than the corresponding uns-cis isomer. 
. uns-cis-[Cr(S,S-eddp)(ox)] -(·-·-·-); 2. s-cis-[Cr(S,S-eddp)(mal)] -(----); 3. s-cis-[Cr(S,S-eddp)(ox)] -(----).
Hence, these results suggest s-cis geometry for the red violet eluates of the oxalato (the second eluate) and malonato S,S-eddp-Cr(III) complexes and uns-cis geometry for the red eluate (the first eluate) of the oxalato S,S-eddp-Cr(III) complex ( Fig. 3 and Table I ).
Infrared spectra
The infrared spectra of the complexes reported here, using the criteria of Busch et al., 23 were measured to help determine the coordination geometry of the S,S-eddp ligand. The measured vibrational energies of the carboxylate groups verify that they are all coordinated rather than being present as carboxylic acid groups or free carboxylate ions. The infrared absorption in the carboxylate carbonyl region has also been useful in distinguishing the geometrical isomers of aminopolycarboxylic acid complexes, with the asymmetric stretching frequencies being particularly useful for distinguishing between s-cis and uns-cis isomers. The isolated complexes show a single strong, fairly broad absorption band around 1650 cm -1 of the asymmetric stretching frequencies of the coordinated carboxylate groups of the S,S-eddp ligand (Table II) . 24 The lack of absorption between 1700-1750 cm -1 indicates that the carboxyl groups of eddp are coordinated to the central Co(III) ion and are not present as free acid. The strong asymmetric stretching bands of the coordinate carboxylate groups lie in the expected region (about 1400 cm -1 ). The small resolution of the carboxylate asymmetric absorption bands for the first eluate indicates a lower molecular symmetry of this complex. Hence, these results suggest s-cis geometry for the malonato and the second eluate of the oxalato S,S-eddp-Cr(III) complex and uns-cis geometry for the first eluate of the oxalato S,S-eddp-Cr(III) complex.
